Background: A non-penetrating vessel closure system (VCS-AnastoClip ® ) may facili-
the AnastoClip ® vessel closure system (VCS), were approved by the US Food and Drug Administration in 1993. 6 Increasing numbers of studies have been developed to evaluate the safety, efficacy, and potential benefit of this system compared with conventional suturing. A clinical series examining vascular access in hemodialysis revealed that the application of VCS clips is an easy to manipulate, safe, and time-saving method compared with hand-sutured anastomosis. [10] [11] [12] Similar results have been reported for arteriotomy closure after embolectomy, peripheral arterial bypass procedures and graft replacements. [13] [14] [15] Theoretically, the vascular intima is intact, and hyperplasia is absent after achieving anastomosis with non-penetrating clips, as demonstrated in animal experiments. 16 The VCS seems to be a promising alternative device for vascular anastomosis that can even be extended to tubular reconstructions, for example, of the bile ducts and ureters. 17, 18 However, research on the application of this clip in orthotopic liver transplantation (OLT) is rare, and whether the anhepatic phase could be reduced via the use of this device is uncertain. In this study, we present our experience utilizing the non-penetrating VCS system for venous anastomosis in OLT and evaluate its effects on the surgical procedure, recovery of hepatic function and long-term patency of PV compared with the results of traditional suturing. 
| PATIENTS AND METHODS

| Recipients and donors
| Surgical management
A modified piggyback technique without venous-venous bypass was performed in the enrolled patients. The processes of exploration and native liver removal were identical between the two groups; only the venous reconstruction method differed. The vascular closure system applied in the current trial was called the AnastoClip VCS ® , which is available in four types: small (0.9 mm), medium (1.4 mm), large (2.0 mm), and extra large (3.0 mm). The system includes a clip applier that contains titanium clips, everting forceps and a clip remover for each type of the device.
During the venous reconstructions in the VCS group, the posterior wall of the suprahepatic IVC of the graft was first continuously sutured to the posterior wall of the host vena cava with 4-0 prolene.
Then, using forceps, the assistant combined the two anterior edges of IVC and symmetrically everted them. Next, the surgeon applied largesize (2.0 mm) titanium clips to grasp a 1-mm portion of the two layers of the IVC (Figure 1 ). During the PV reconstruction, two guiding stay sutures were first sewn at the 3:00 and 9:00 o'clock positions of the PV. Then, by pulling the threads gently, the anastomotic orifice was 
F I G U R E 1
The anterior aspect of an inferior vena cava anastomosis performed using the vessel closure system clips (the arrow denotes the anastomotic line)
| Postoperative treatments
Doppler ultrasound examination and enhanced computed tomography (CT) angiography were applied to evaluate the hemodynamics of the PV, IVC, and hepatic artery 3 and 7 days after the operation.
Anticoagulation therapy was administered using low-molecularweight heparins during the early stage after the operation, and then, regular oral aspirin was used. A calcineurin inhibitor combined with prednisone and mycophenolate mofetil constituted the immunosuppression regimen, which was adjusted according to plasma concentrations and overall assessments. 
| Statistical analysis
| RESULTS
Over an observation period of 2 years, 115 patients who underwent whole adult OLT were enrolled, and among them, 5 retransplantations and 2 liver-kidney transplantations were performed. The VCS was utilized in 63 recipients, and standard hand-sewn sutures were applied in the remaining 52 patients.
The demographic and baseline characteristics are summarized in Table 1 . No significant differences were observed between the two were comparable between the VCS and suture groups (7/63 vs 7/52, respectively, P = .778). The percentages of coronary heart disease and diabetes mellitus were similar in the two groups (16% vs 17%, respectively, P = .837 and 21% vs 17%, respectively, P = .812). The results of the laboratory examinations for hemoglobin, platelets, alanine transaminase (ALT), albumin, total bilirubin (TBil), and creatinine levels were comparable between the two groups. The coagulation functions, including the international normalized ratio and prothrombin activity, were not different between the two groups (P = .116 and P = .473, respectively).
The cold preservation times of the donor grafts, operative parameters, and postoperative follow-up results are presented in Table 2 .
The IVC and PV anastomosis times in the VCS group were significantly shorter than those in the suture group (31 minutes vs 51 minutes, P < .01). The anastomotic duration was from the removal of recipient liver to the recovery of PV flow including pruning the anastomotic stoma, double ligations of the short hepatic veins, anastomosing, and hemostasis. Consequently, the anhepatic phase was significantly reduced in the VCS group compared to that in the suture group (36 minutes vs 56 minutes, P < .01). The total surgical duration in the VCS group was reduced compared to that in the suture group; however, this difference was not statistically significant (496 minutes vs 530 minutes, P = .075). The average volume of blood loss in the two groups was similar (1168 mL vs 1230 mL, P = .37).
Twenty (Figures 3 and 4) . The ALT and TBil levels of the two groups were not significantly different at 3, 7 days, and 1 month postoperatively ( Table 2 ). The median follow-up times were 11 and 9 months in VCS and suture groups, respectively.
Fifty-five patients in the VCS group and 44 recipients in the suture group were followed for more than 6 months. During the follow-up 
| DISCUSSION
The purpose of a VCS is to intermittently fix the everted vascular intima with titanium clips from outside without penetrating the vessel walls. 19 Consequently, this device creates minimal lesions in the endangium, causes a less severe inflammatory reaction and is less likely to lead to intimal hyperplasia than traditional sutures. 20 The clinical parameters related to the VCS are focused on the anastomotic time, patency rate, and adverse events. The application of vascular clips has the advantage of shortening the vascular anastomotic time vs traditional suturing according to several large-scale clinical trials involving the construction of an autologous fistula for access for hemodialysis. [21] [22] [23] Furthermore, the 1-year patency rates were similar between these non-penetrating clip and suture groups. 10 Nilesh performed femoropopliteal artery bypasses with this device and suggested that it optimized the anastomotic time without inducing pseudoaneurysms, dehiscence, or excess bleeding. 24 In cerebrovascular reconstructions, these non-penetrating arcuate-legged clips have also been proven to reduce the operative time and to elicit less intimal hyperplasia and stenosis in several articles. [25] [26] [27] In contrast, experimental studies have addressed the healing patterns of anastomosis from macroscopic, microscopic, and pathological perspectives. Scanning electron microscope examinations have revealed that the endothelium at the site of anastomosis is smoother when clips are used than when conventional sutures are used. 28, 29 Another survey revealed reduced fibrin and fewer platelets and white blood cells in the clipped anastomotic lines. 16 Komori performed femoral vein-artery autogenous reconstruction in canines and reported that the vascular intima close to the anastomotic region was significantly thicker in the suturing group than in the vascular clips group upon pathological examination. 30 Similar results were presented in Mohamed's work on carotid arterial anastomosis in goats. 31 Other series of experiments have demonstrated that the inner diameter, intimal thickness, intima-to-media height ratio, and inflammatory reactions associated with anastomosis were not significantly different between VCS clip and sutured anastomosis.
32-34
However, liabilities and even disappointing results are associated with the application of VCS clips, especially for arterial anastomosis. In a small-sample pilot study, the speeds of the achievement of anastomosis with VCS clips and sutures were similar, but anastomotic rupture due to clip malfunction and thrombosis occurred in the nonpenetrating titanium clips group. 14 In another clinical experience, two cases of hemostasis problems occurred when carotid arteriotomies were closed using vascular clips. 35 Some surgeons have suggested that whether this technique should be applied depends on the thickness and characteristics of the artery. 19 Although positive results were easy to obtain in experimental conditions, the benefit of the VCS was uncertain in patients with atherosclerosis. 36 After performing 100 vascular anastomosis, Yoshinori proposed that if the arterial wall is heavily calcified and thicker than 2 mm, likely due to atherosclerosis, hand sewing with polypropylene should be regarded as the first choice. 15 In our opinion, the complications associated with the VCS were reported in the early phase of its usage and likely occurred at the beginning of the learning curve. Furthermore, the sample size of this study was small. Recent and large-sample clinical investigations have displayed the safety, effectiveness, and trend toward choosing this device for vascular anastomosis. 37 Unlike bypass access surgery, published articles relevant to the application of a VCS for organ transplantation appear to be rare. In a small sample size study, Jones significantly reduced the anastomotic and warm ischemia times using vascular clips in renal transplantation
In a cross-section CT scan, an annular high-density image marks a portal vein reconstruction stoma that was closed with clips (the arrow denotes the anastomotic line) F I G U R E 4 A semicircle high-density image displays the location of the vessel closure system clips at the site of the inferior vena cava (the arrow denotes the anterior part of the anastomosis) compared with hand sewing without technical complications. 38 In 1998, non-penetrating clips were first applied for pancreatic trans- Six months postoperatively, the changes in the luminal diameters at the anastomotic sites were comparable between the VCS and suture groups based on macroscopic observations and angiographic measurements. 41 Two graft failures occurred in the prolene suture group that were caused by early thrombosis, whereas in the VCS clip group, this complication did not appear. In a porcine liver transplantation model, the utilization of arcuate-legged clips failed to reduce the reconstruction time of the hepatic artery and PV but did shorten the bile duct anastomotic time. 42 The above-mentioned articles failed In the present clinical setting, hepatic artery reconstruction is accomplished by interrupted suturing with 7-0 prolene instead of VCS clips. In our experience, because the average age in the VCS group was 51 years, atherosclerosis was common and even serious in most cases.
Furthermore, most of the reported hemorrhagic complications associated with VCS clips occurred in cases of arterial anastomosis. 14, 35 Therefore, because we considered it a technical risk, we were prudent to not apply the VCS clips in arterial anastomosis. Similarly, biliary reconstruction with vascular clips still requires more experimentation, and at least in our view, it is too early to use these clips in this manner in clinical practice. 17 In conclusion, this non-penetrating VCS is a safe and timesaving alternative anastomotic instrument that is applicable for PV and IVC reconstructions in OLT. The outcomes of our study revealed that, although the anhepatic phase was shortened, utilization of the VCS failed to influence the postoperative graft recovery procedure.
